The article looks at different approaches to the conceptualization of the modern stage of mortality reduction (the "new stages" of the epidemiological transition, "the second epidemiological revolution", the "health transition"). During this stage, which has lasted for at least half a century, revolutionary changes have taken place in most developed countries. These changes manifest themselves in the drastic expansion of the degree of control over non-infectious causes of death-particularly over diseases of the circulatory system, neoplasms, and other non-communicable diseases, as well as over external causes of death. As a consequence of these changes, there has been a rapid shift of deaths from the abovementioned causes to older ages, an increase in the mean age of death from these causes, and, ultimately, a significant rise in life expectancy.
THE EPIDEMIOLOGICAL TRANSITION, THE EPIDEMIOLOGICAL

REVOLUTION, THE HEALTH TRANSITION
The concept of an epidemiological transition was formulated by the American demographer Abdel Omran in his 1971 article, "The epidemiological transition: a theory of the epidemiology of demographic change" [Omran 1971 ].
The term "epidemiology" generally refers to the science that studies the laws of the incidence and spread of diseases. This definition, which most likely goes back to Hippocrates and his teachings about epidemics, is especially relevant to the field of medicine. Within a medical framework, the meaning of epidemiology has changed, as the term is interpreted more broadly now than in the past. While epidemiology initially referred to the study of infectious diseases only, it has since been expanded to encompass the study of non-communicable diseases and injuries. The term is also used outside of medicine. For example, references are occasionally made to the epidemiology of crime. These newer uses of the word do not, however, contradict the original meaning of the Greek word ἐπιδημία (affecting a whole people), which is not directly related to medicine.
In part because many medical traditions developed during the successful fight against infectious diseases, the aims and successes of the second epidemiological revolution are often viewed primarily through the prism of disease control. When scholars note the undeniable progress made in recent decades in reducing mortality, their focus is usually on the fight against noncommunicable diseases, especially cardiovascular diseases. Researchers tend to emphasise that the beginning of the decline in mortality from chronic degenerative diseases in the latter half of the 20th century was "a milestone in the history of medicine" [De Flora et al. 2005: 896] . Scholars frequently identify the cardiovascular revolution as the main epidemiological change [Meslé, Vallin 2002: 444] , and point to the progress that has been made in the fight against cancer. By contrast, reductions in mortality from external causes of death are mentioned far less often.
It is however clear that the reduction in the risks associated with external causes of death is a very important component of the second epidemiological revolution. It is hardly surprising that Terris has placed external causes of death near the top of his list of the leading causes of death that must be brought under control first of all -after cardiovascular diseases and cancer.
"Accidents are a particularly tragic cause of mortality because they so often kill children and young people. Indeed, they are the leading cause of death up to the age of 35 years. For all ages, they are fourth in importance; if the attention paid to them were on a par with their significance to the nation's health, they could undoubtedly be driven out of the list of ten leading causes of death. Epidemiologic research has deepened our understanding of the host, agent, and environmental factors involved in various types of accidents and indicated the preventive measures that can and should be employed" [Terris 1976 [Terris : 1156 .
Curiously, Terris did not refer to Omran, and in the demographic literature that abundantly cited Omran there was no mention of Terris. However, both scholars-apparently independently of each other-clearly pointed out that the world has entered a new era, the era of non-communicable causes of death, and both noted that these non-communicable causes include not just diseases, but also what in modern terms are called "external causes of death."
More recently, as scholars have come to understand better the special status and independent role of external causes of death in mortality trends, these causes have been assigned to a separate group. "Deaths were classified using a tree structure. The first level of disaggregation comprises three broad cause Groups: • Group I: Communicable, maternal, perinatal and nutritional conditions; • Group 11: Noncommunicable diseases; and • Group Ill: Injuries" [Murray, Lopez 1996: 14] .
As Omran observed in his seminal article of 1971, the epidemiological transition ends with the era of degenerative and man-made diseases and causes of death. This proposed chain of events is consistent with the patterns observed today, at least in developed countries. This era was seen as the last stage of the epidemiological transition. Omran argued that the first steps towards this new era were taken mainly in the second half of the 19 th century in the countries of western and northern Europe, with the first stage being the "pre-modern pattern of health and disease", and the last stage being the fall in childhood mortality: "In England, childhood mortality has obviously been dropping steadily since the late nineteenth century" [Omran 1971: 517, 524] ). When we compare Omran's interpretation of these trends with that of Terris, we can see that Terris regarded the first epidemiological revolution as an early stage of this era, which ended in the developed countries by the middle of the 20th century. According to Terris, awareness of the new situation emerged in the 1940s. Writing in the 1970s, he argued that "the findings, the potentials, and the strategies and tactics required to implement the second epidemiologic revolution are not only not understood; they have hardly been discussed" [Terris 1976 [Terris : 1155 . However, judging by subsequent trends, it is clear that a new strategy for reducing mortality was already being implemented around this time.
In later decades, a number of scholarsincluding Omran himself [Omran 1998 ]proposed refining this periodisation by adding a few more stages, or even suggested that the approach to the classification of stages should change. They proposed, for example, adding a fourth stage of "delayed degenerative diseases", or a "stage that will propel life expectancy into and perhaps beyond eight decades" [Olshansky, Ault in 1986: 386] . But as Omran himself had initially talked about reaching a life expectancy of 70+ in the third stage of the transition [Omran 1971 : Table 4 ], which does not exclude 80 +, this adjustment can hardly be considered a good basis for highlighting yet another stage. In Omran's conception what mattered was not the quantitative, but the qualitative characteristics of each stage: as the presence of degenerative and man-made diseases was the main determinant of the third stage, any additional stages might have been redundant.
Other authors who described the idea of simply adding another phase to Omran's periodisation as "unconvincing" suggested viewing the epidemiological transition as part of a more general "health transition" [Meslé, Vallin 2006: 249] , and including "within the wider concept of health transition an initial phase (that described by Omran) of life expectancy gains, attributed mainly to the decline in mortality due to infectious diseases, followed by a second phase dominated by the decline in cardiovascular diseases, leaving open the possibility of identifying later phases" [Meslé, Vallin 2006: 250] . WWW.DEMREVIEW.HSE.RU Omran objected to "renaming" the concept, based on his broad interpretation of epidemiology, which "incorporates the scientific capacity to analyze social, economic, demographic, health care, technological and environmental changes as they relate to health outcomes. Classifying all the changes in these variables under the "health transition" would, however, be confusing. Health is a dependent variable of epidemiology, not vice-versa" [Omran 1998: 99] .
However the scholars who promoted the idea of the "health transition" stressed that the concept was intended to complement, not replace, the concept of the epidemiological transition. The health transition, they explain, consists of the epidemiological transitioni.e. the long-term process of change in the health conditions of a society, including changes in the patterns of disease, disability, and death, and of a health care transition which can be seen as the emergence of patterns of social response to these changes [Frenk et al. 1991: 23] . Such an approach can be useful in analysing the mortality situation in Russia.
A widely expressed view is that this situation is a manifestation of an incomplete epidemiological transition [Vishnevsky, Shkolnikov 1997: 12-15; Demographic modernization 2006: 257-259, 382-395; Vishnevsky 2009: 56-63] resulting from the catch-up nature of Soviet modernisation, or even a "reverse epidemiological transition" [Semenova 2005 ]. It may, however, be more accurate to describe these developments as indicative of an incomplete health care transition. The patterns of social response to the requirements of the time generated by the changing patterns of morbidity and mortality reflected, in particular, in the generalisations of Omran and Terris in the late 1960s and the early 1970s, led to the development in many countries of new strategies for preserving health and life in response to changing conditions. These strategies represent practical responses to the new challenges in further reducing mortality after the fight against infectious diseases had been decisively won. Although these diseases have not yet entirely disappeared, their incidence is far lower than in the past. These strategies have enabled countries to embark on the second epidemiological revolution predicted by Terris. Unfortunately, in Russia such adequate patterns of social response to the new challenges were not found.
HAVE THE CHALLENGES ASSOCIATED WITH THE SECOND
EPIDEMIOLOGICAL REVOLUTION BEEN OVERCOME?
Several decades have passed since Omran and Terris first made their pioneering generalisations. It is now possible to judge whether the era they predicted has indeed begun, and how effective efforts to control non-communicable causes of death have been.
In the 1960s, mortality in western European countries and in the then not so far behind them Russia was (and still is) mainly determined by the "big four" causes of death: cardiovascular diseases, neoplasms, respiratory diseases, and external causes. In 1970, the total contribution of the four classes of causes to the standardised mortality rate from all causes was close to 80% in the countries of Western Europe and continued to rise in the following years, whereas in Russia the total contribution had already reached 90% (Figure 1) . Accordingly, the main challenges associated with reducing overall mortality levels wereand still are-reducing mortality from these four classes of causes. Judging by the dynamics of the standardised mortality rate, these problems have been largely solved in western European countries. The standardised mortality rates from three of the four main classes of causes of death have displayed nearly synchronous and rapid declines that can indeed be seen as representing a new epidemiological revolution. The exception to these general trends is mortality from cancer. Although cancer mortality has declined in the past two decades, it has not yet deviated substantially from early 1970s levels. (Figure 2 ). In Russia, these trends unfolded differently. Although there are significant structural similarities between western European countries and Russia, death rates in Russia from these four causes differed from those in Western Europe in 1970, and further diverged in subsequent years.
Although the total contribution to the standardised mortality rate of the causes of death included in the "big four" in the EU-15 has not changed very much (see Figure 1 )-and these changes are not of a fundamental nature-the internal structure of this total contribution has undergone a major transformation. The main elements of this transformation are a drastic reduction in the contribution of circulatory diseases (from 45% in 1980 to 30% in 2011 among men and from 48% to 31% among women) and simultaneous growth in the contribution of cancer (from 19% in 1970 to 32% in 2012 among men and from 18% to 30% among women). Notably, the total contributions of these two classes of causes have become equal, albeit with cancer among men representing the largest share. The contributions of the other two classes of causes have not changed considerably.
In Russia, by contrast, no significant changes in the structure of the causes of death have occurred since 1970. The only change that can be seen in the Russian part of the graph is a certain decrease in the contribution of respiratory diseases. The establishing of control over the causes of death in this class can be attributed rather to the tasks of the first epidemiological revolution, of which it was a continuation and was therefore in Russia relatively more successful.
At the same time, what draws attention is the monstrous gap between Russia and the EU-15 in the dynamics of mortality from external causes of death ( Figure 2 ). If in the EU-15 over the four decades from 1970 to 2010 the standardised mortality rate from causes of this class decreased by more than half (by 55% among men and by 60% among women), in Russia, after passing through several sharp fluctuations, the rate has returned to its 1970 level.
In Western Europe, external causes of death have been persistently in fourth place in the list of the big four causes. In Russia, external causes of death in the 1980s came in third place among women, but never dropped below third place among men, and often climbed up to second place ( Figure 1) . And yet the overall standardised mortality rate from the these four causes of death among both men and women in Russia in 1970 was much higher than in Europe, and later the gap only grew ( Figure 1 ).
Enough has been said to argue that the second epidemiological revolution has been very successful in Western Europe, but has not yet taken place in Russia.
However, our analysis should be continued. 
IS THE REVOLUTION REALLY ONLY CARDIOVASCULAR?
While recent demographic studies do not use the term "second epidemiological revolution", they frequently refer to the "cardiovascular revolution" in discussing the changes in mortality that have been taking place over the last half-century.
It would seem that the above graphs leave no doubt that this is what happened, that it was precisely the reduction in mortality from circulatory diseases which determined the whole picture of changes in mortality over the past "revolutionary" decades. When we look at the EU-15 countries, we can see that the sharp reduction in the standardised mortality rate from diseases of this class and its share in the big four causes of mortality led to an overall reduction in mortality from the four causes combined. Since the proportions of the big four causes in total mortality changed little over these decades, it makes sense to assume that the reduction in mortality from diseases of the circulatory system had a decisive influence on the decrease in the standardised mortality rate from all causes.
We should, however, recall the limited analytical capabilities of the standardised mortality rate. This indicator, though a convenient tool for the comparison of different countries or different periods in the same country, is nevertheless not perfect, especially because it does not allow us to take into account the age profile of the changesa drawback that is easily illustrated by the example of mortality from respiratory diseases.
We have seen that the standardised mortality rate from this class of causes of death was the only class among the big four causes that declined steadily in Russia. Indeed, the rate decreased even faster in Russia than in the EU-15 countries: in 2011, for example, the standardised mortality rate from respiratory diseases was 33% lower among Russian women than among women in the EU-15. While this trend appears to represent a positive achievement for Russia, should it really be described as such?
The reduction in mortality from respiratory disease over the past 50 years in all developed countries was due to the exclusion of more and more minors, especially children, from this class of causes. Respiratory diseases largely retained their role as a dangerous threat to life only for the very elderly, whose vitality was already essentially exhausted. As a result of this, the mean age of death from causes of this class from 1960 to 2010 increased for women in the US by 10.2 years, in France by 10.3, in Italy by 17.4, and in Japan by 21.4 years, while in Russia growth was only 5.1 years. Women in Russia in 2010 died from this cause, on average, at the age of 68.6 years, while in the US it was 82.2 years, in Italy 87.5, in France 87.7, and in Japan 89.8. From a demographic point of view, dying from this cause in these countries was "profitable". We should therefore consider how positive a reduction in mortality from this cause really is, and in general reflect on what should be understood in this case by "decline in mortality." To do so, we need to move away from the standardised mortality rate and take advantage of some other analytical tools.
At least one such tool has been well known to demographers for several centuries: mortality tables by causes of death. These tables allow us to consider both the changes in the age profile of mortality of each individual cause or group of causes of death, and the probability of a newborn in each birth cohort -fictive or real (in practice, of course, we are more likely to have to deal with fictive cohorts) -dying from this cause. In other words, the indicators of such tables enable us to examine changes in causes of death in two dimensions. 2
The familiar expression "mortality reduction" is highly misleading, as the probability of death for all people is the same and is always equal to 100%. When we speak of "mortality reduction", we simply mean the delaying of deaths to older ages. But when we are talking about reducing mortality from selected causes, the argument changes. An individual may avoid death from this cause, but he will die from some other cause, and it is important to understand which causes of death are considered preferable. Different people may have different answers to this question, but from the perspective of demography, which investigates the impact of changes in mortality on the growth of life expectancy, there can be only one answer: the outcome that is preferable is an increase in the number of deaths from those causes from which, on average, people die later in life.
Since causes of death compete with each other, real changes can go in two directions: the mean age of death from each cause (groups of causes) of death can change, or the probability of dying from each of these causes can change.
In the first case, an increase always contributes to a "mortality reduction", while a decrease always contributes to a "rise in mortality". In the second case, the effects are less clear. The only unconditionally beneficial case is a fall in the probability of death from causes with a lower mean age of death. A decline in the probability of death from causes with a higher mean age of death is beneficial only in two cases: first, when such reductions are compensated for by an increase in the mean age of death from this cause, so that the total time lived by a person dying from the cause increases at least a little; or, second, when this cause is replaced by others with a higher or increasing mean age of death. As a rule, both happen, but complex interactions whose results cannot always be easily evaluated can arise.
Let us take for example the changes in French male mortality in the 50 years between 1960 and 2010, and try to understand these changes in terms of causes of death.
The total time lived by a generation consists of the total time lived by those who have died from each of the causes (or groups of causes) of death. Accordingly, the changes that occurred over the 50-year period can be clearly illustrated by a diagram [Andreev, Vishnevsky, Shaburov 1986; Vishnevsky, Shkolnikov, Vassin 1991: 82-91 ] that represents the distribution of the entire time lived by a generation according to the time lived by those who died of the large classes of causes of death. Along the horizontal axis in this chart are the probabilities of a newborn dying at some point in his life of one of the causes (Pi). Along the vertical axis is the mean age of death from this cause, or the life expectancy of the people who will die from it (̅ ). The area of each selected coloured rectangle is the total time lived by those who died of the i-th cause, and the sum of these areas is the total time lived by some hypothetical generation. Clearly, if ∑ = 1, then ∑ ̅ = 0 .
(1) Figure 4 shows two such diagrams related to the male population of France at the beginning and the end of the period. A comparison of the two graphs in Figure 4 shows that the proportion of deaths from circulatory diseases in the total hypothetical cohort declined from 33.1% to 26.4%, and that the individuals who nonetheless died from these diseases died later, with the mean age at death from these causes increasing by 9.4 years. While the rectangle corresponding to this cause of death became narrower and higher, its overall area actually decreased slightly-meaning that its share of the total shaded area decreased, as the area itself increased. The most important achievement was that the increase in the mean age of death from cardiovascular disease was strongly supported by the increase in the mean age of death from the pathologies that replaced these diseases as the cause of death. Not including cancer, the mean age of death from all major causes increased more than the mean age of death from cardiovascular diseases. The mean age of death from diseases of the respiratory and digestive system increased by more than 12 years, and the mean age of death from external causes rose by almost 15 years. Diseases of the circulatory system lost their primacy in the mean age of death, giving way to respiratory diseases. When we look at cancer mortality among men in 2010, we see that the risk of dying from cancer was higher than the risk of dying from diseases of the circulatory system. The mean age of death from cancer increased less than the mean age of death from cardiovascular disease between 1960 and 2010; nevertheless, the increase in the mean age of death from cancer over the period was very significant (8.4 years). In 2010, the mean age of death from cancer was much higher than the mean age of death from any other class of causes in 1960, including cardiovascular diseases. Thus, over the study period the area of the cancer rectangle on the graph almost doubled, and exceeded the area of the cardiovascular disease rectangle. Paradoxically, it was precisely the growth in life expectancy of those who died from cancer that made the decisive contribution to the overall increase in life expectancy of the hypothetical cohort over the study period: in total, the cohort's life expectancy grew by 11 years. The male population of France is not an exception among developed countries. In all these countries, both for men and women, the changes went in the same direction ( Figures 5 and 6 ). While there are substantial differences between the countries shown in these figures (three European countries, the US, and Japan), they are more similar than different. We can see that the share of the total time lived by those who died from cardiovascular disease decreased, while the share of time lived by those who died from cancer and from "other diseases" increasedor as in the case of Japan, those who died from respiratory diseases increased, and in the case of the US, those who died both from "other diseases" and respiratory diseases increased. On the contrary, when we look at Russia, we see that these changes run in the opposite direction, and moreover that there is a conspicuous increase among men in the proportion of total time lived by those who died from external causes that is absent in other countries. The typical trend observed in the most developed countries (but not in Russia) led to a new cohorts' total lifetime distribution by lifetime of groups of those who die from different causes of death. It was the consequence of a significant increase in the mean age of death from all major classes of causes (Table 1) . It is interesting that the rise in the mean age of death among those who died of cardiovascular diseases was, as a rule, not the largest of the improvements that occurred. If we leave out Russia, which will be discussed below, then such a significant increase in the mean age of death from each of the major groups of causes, and consequently from all causes taken together, signifies the realization of the "second epidemiological revolution" predicted by M. Terris, even though not as large-scale as the first.
But the "second" revolution can hardly be reduced to the "cardiovascular revolution" that is now so frequently cited as the main reason why mortality has continued to decline in recent years. Truly revolutionary changes can be observed when we look at all of the big four causes, and at most of the other causes of death. Thus, reductions in mortality from cardiovascular disease are not exceptional.
CHANGES IN MORTALITY OVER HALF A CENTURY IN RUSSIA AND IN FRANCE
We now turn to Russia, where, as we have already pointed out, the second epidemiological revolution has not yet taken place. What form does Russia's stagnation take, and in what areas are the missed opportunities the greatest?
First, let us consider the distinguishing features of changes in mortality in Russia over the past half-century.
We have seen that in France tremendous changes occurred between 1960 and 2010 in the distribution of the lifetime of the male generations according to time lived by those dying from different major causes of death. Some changes also took place in Russia. However, if in France these changes give reason to talk about a second epidemiological revolution, in Russia, on the contrary, they are more likely evidence of its absence.
To begin with, we compare the situations in the two countries with the help of the graphs in Figures 4 (France) and 7 (Russia).
The differences are immediately apparent. In Russia there is virtually no growth in height of the main columns which in France show significant growth; an expansion of the base of the rectangle corresponding to diseases of the circulatory system along with a narrowing of the base of the rectangle of neoplasms (in France it is the reverse); a significant expansion of the low column of external causes, which in France became somewhat narrower but much higher; and a narrowing and shortening of the column "other causes" -the exact opposite of what was observed in France. As a result, the sum of shaded areas (i.e., the total time lived by a fictive generation) on the Russian chart did not change, indicating total stagnation, while on the French chart it significantly increased, indicating a growth of life expectancy of 11 years.
The current (2010) picture for Russia is much worse than that for France fifty years ago (the upper part of figure 8), and its comparison with the picture for modern France (the lower part of the same figure) clearly speaks of a lost 50 years: whereas a second epidemiological revolution occurred in France, it did not occur in Russia. Let us try to examine the changes that have occurred in the two countries in more detail. For this we will also make use of the opportunities provided by the mortality tables by causes of death, which contain, in particular, data on the distribution of numbers of deaths by age and cause of death -the numbers dxi (where x is age and i is the cause of death). These are so-called 'table numbers', independent of the actual age structure.
Let us compare the matrices of changes in dxi in the two countries (2010dxi -1960dxi) (Table 2-5).
The negative values in the table signify a reduction in the number of deaths between 1960 and 2010, while the positive values signify an increase.
Let us consider first the changes that interest us from the point of view of age. On the right, in the summary column of the French table for males, all of the figures except the last two (aged 80 years and older) are negative. This means that at all ages up to 80 years, the total number of deaths decreased: out of every 100,000 deaths, more than 31,000 shifted to the oldest age groups. 3 In the Russian table, there were fewer changes. The negative numbers refer to ages up to 20 and over 70. Among these groups the number of deaths decreased, although these declines tended to be small. But the number of deaths increased quite significantly among people between ages 20 and 70. Nearly 12,000 out of every 100,000 deaths shifted into these age groups.
In the French Table for females, in the right column all the values up to age 85 are marked with a "minus" sign. Here the shift of deaths to an older age is more noticeable than in males, with more than 37,000 out of every 100,000 deaths shifting to the group beyond age 85. The Russian table for females, even more than the one for males, is characterized by a long-term stagnation of the mortality situation. Changes are hardly noticeable, but where they are, they are not always favourable. Negative values, indicating a reduction in the number of deaths, can be found in the right column only up to the age of 25 years and between 65-74 years. In the older age groups (75 years and older) there was a shift of only (in rounded figures) 3,200 deaths per 100,000, of which fewer than 1,300 per 100,000 were to the age group of 85 and older. At the same time, there was an increase of 1,850 for every 100,000 deaths in middle age (from 25 to 65 years). The whole picture is clearly reflected in Figure 9 .
Let us now look at how the life-table numbers of deaths varied in accordance with the major classes of causes of death.
In the last, summary line of the French table for males, all numbers except for the number of deaths from cancer are negative, and the whole increase in deaths from cancer occurred at ages over 65, and especially over 75, years. In the last line of the Russian table the number of deaths from cancer is negative, and, in contrast to France, their largest decline occurred precisely in the oldest age groups. On the other hand, in France the number of deaths from cancer (12,760 per 100,000) increased by about as much as in Russia the number of deaths from diseases of the circulatory system (12,734 per 100,000). The only difference is that in Russia nearly 90% of this increase came from deaths before age of 80, including 62% between ages of 35 and 70 ears.
Figure 9. Changes in the table numbers of deaths (dx) for 1960-2010, by age groups in France and Russia, per 100,000 deaths
We will now address the issue of external causes of death. Among the French male population, the numbers of deaths from external causes declined overall, increasing only at ages 75+, and especially at ages 85+. Among the Russian male population, the numbers of deaths from external causes significantly increased, with growth occurring in all age groups from 20 to 80. Among men between ages 20 and 45, the increase in deaths from these causes was greater than the increase in deaths from diseases of the circulatory system.
The nature of the differences in the last lines of the French and Russian tables for females is about the same as for men. The changes go somewhat more often not in the opposite, but in the same direction, although the scale of changes is different. For example, the number of deaths from external causes among women increased both in Russia and in France, but in France the increase was significantly lower (see also figure 10 ).
Figure 10. Changes in the table numbers of deaths (dx) for 1960-2010, by major groups of causes of death in France and Russia, per 100,000 deaths
To briefly summarize the results of our comparative analysis of changes in mortality in the two countries, we find that while France, like most developed countries, has made significant progress in the shifting of death from all causes to old age, the situation in Russia seems to have been hopelessly stuck in place for half a century.
WHERE IS RUSSIA FALLING BEHIND?
Were there any changes for the better in the last two decades of the study period? A negative answer to this question has already been given in our previous comparison of standardized mortality rates in Russia and in the EU-15 countries. In order to get a more detailed understanding of the trends in the past decade, we will continue this comparison, analyzing the evolution of age mortality curves of major groups of non-communicable causes of death: cardiovascular diseases, neoplasms and external causes. It is in persisting and even increasing differences between the curves in the EU-15 countries and in Russia that lies the key to understanding why Russia is lagging behind.
Let us start with the leading cause of death in Russia and (at least until recently) in the EU-15: diseases of the circulatory system.
In Russia, the number of male deaths from this cause begins to increase rapidly after reaching the age of 25. The majority of deaths from these causes is concentrated at the age of 70-75 years, after which their share even goes down (Figure 11 ). In the countries of Western Europe the growth starts later (Russian indices, fixed at 25 years, there are not reached even by age 40) and the curves rise far less sharply, but this increase lasts until a very late age, so that the peak of deaths from circulatory diseases is not accounted for by those aged 70-75 years, as in Russia, but is closer to 90 years. Among females the age distribution of deaths from diseases of the circulatory system is more similar to Western Europe's, but is nonetheless shifted far toward younger ages.
Figure 11. Age distribution of table numbers of deaths (dx) from diseases of the circulatory system
The age distribution of deaths from cancer ( Figure 12 ) looks somewhat different. In this case to the peak number of deaths is reached at younger ages in Russia than in the EU-15 countries, but the age of the onset of growth as well as the steepness of the curve until ages 60-65 are about the same in Russia and in the EU-15 countries. At older ages, the Russian and the western European curves diverge considerably, but the overall losses from cancer vary much less than the losses from cardiovascular diseases.
Figure 12. Age distribution of table numbers of deaths (dx) from neoplasms
But the differences in the age distributions of deaths from external causes are particularly striking (Figure 13 ).
Figure 13. Age distribution of table numbers of deaths (dx) from external causes
Here the differences between Russia and the EU-15 countries are exceptionally large, especially among males. Looking at these figures, it is possible to get the impression that Russia and western European countries belong to different civilizations. The mortality of adult males from external causes of death in Russia is several times higher than in the countries being compared. Accordingly, the losses from this kind of mortality are extremely high.
Figures 11-13 also allow us to judge about the changes in the age distribution of the numbers of deaths over the two most recent decades (between 1990 and 2010) . The curves for the EU-15 countries show a more or less pronounced tendency to shift down and to the right, "caving in" toward the lower right corner of the chart. When comparing the curves for 1990 and 2010, it is clear that the right end of the curves for 2010 move steadily upwards, indicating a shifting of an increasing number of deaths from each of the classes of causes considered to the very highest ages. These changes are most vividly apparent among males, especially in the age distribution of deaths from cancer, where there was a fundamental change in the direction of the curve in older age groups, although quite serious changes also occurred in the distribution of male deaths from cardiovascular diseases and external causes. Among females, the trend is the same, but less pronounced, possibly because such changes had occurred among them earlier, before 2010.
The Russian age curves of mortality, especially for males, generally show no shift towards the lower right corner of the graph that would indicate that a second epidemiological revolution had taken place.
"EXCESS MORTALITY" AND ITS DISTRIBUTION BY AGE AND CAUSES
As we did in comparing changes in mortality by cause of death in Russia and France over a 50year period, we can take a closer look at the current differences in mortality rates between Russia and the EU-15 countries with the help of matrices of differences, or "diagnostic tables" (such tables were first presented in [Vishnevsky, Shkolnikov 1997: 78-81] ). These tables allow us to compare the distributions of deaths by age and cause of death (the numbers dxi), and to highlight the 'agecause-specific risk groups' for the population of Russia, specifying for each group the excess number of deaths at age x from cause i ( -−15 ) compared to the corresponding figure for the EU-15.
We restrict ourselves to examining deaths that occurred before the age of 70 and consider as premature Russian losses only those deaths up to this age which are in excess in comparison with Western European countries (EU-15). Our analysis will consist of an evaluation of the contribution of each class of causes to the total number of such losses for the five-year age groups, and an identification of the major 'age-cause-specific groups' responsible for these losses. Tables 6 and 7 show the excess number of deaths for all 'age-cause-specific groups' represented in these tables for males and females in 2010.
The number in the lower right corner of the table shows that in Russia in 2010 out of every 100,000 male deaths of all ages more than 46 000, and out of every 100,000 female deaths more than 21,000, could be considered in excess in comparison with the EU-15 countries; in the EU-15 these deaths would have come after the age of 70. The summary lines of the tables show that about 80% of the excess deaths (79.9% of males and 80.6% of females) were attributable to two classes of causes of death: circulatory system diseases and external causes. In general, of course, cardiovascular diseases are in first place, but before the age of 50 for men and 45 for women this is not the case. Until these ages, the main source of our excess mortality is external causes of death. The contribution of all other causes of death is much smaller. The number of excess deaths: More than 1000 500-1000 300-500 100-300 50-100 Less than 50 Such "diagnostic tables" were also drawn up for the years 1990 and 2000 (see the appendix). A generalised picture of the extent to which Russia lagged behind the EU-15 countries due to differences in mortality from various causes of death on three dates (1990, 2000, and 2010 ) is shown in Figure 14 . On the graph, the overall expansion of the lag is clearly visible, as well as the unacceptably high contribution to this lag of external causes of death, which almost compete with diseases of the circulatory system among males.
CAUSES OF DEATH AND LIFE EXPECTANCY
Excess mortality from some of the major causes of death at relatively young ages explains why life expectancy in Russia lags behind life expectancy in the EU-15 countries. In 2010, the difference was 15.4 years for males and 8.9 years for females. The decomposition of this difference by Andreev's method [Andreev 1982] gives an indication of the contribution of the major causes of death to this lag (Figures 15 and 16) .
As expected, the main contribution to Russia's lag behind the EU-15 among both males and females comes from the same two classes of causes: cardiovascular diseases and external causes of death. Higher mortality from these two classes of causes accounts for 77% of Russia's lag in the life expectancy of males and even more (89%) for that of females. What's more, if we consider the differences in mortality throughout the age scale, the contribution of cardiovascular disease is substantially higher than of external causes. But if we limit ourselves only to the age of 70 years ( Figure 16 and Table 8 ), the prevalence of diseases of the circulatory system becomes much less pronounced. This is especially true for males: the contribution of mortality from external causes to Russia's overall gap relative to the EU-15 is close to the contribution of diseases of the circulatory system (25.9% and 50.9% for all ages, but 31.2% and 38.6% for those under age 70). 
CONCLUSION
In the first half of the 20th century, there was an unprecedented increase in life expectancy in developed countries. Despite the turmoil of two world wars, post-war devastation, and economic and social crises, life expectancy in the European countries for which data are available increased among both males and females by 20-25 years or more between 1900 and 1960 (Table 9 ). In Russia, life expectancy doubled over that period. After a thousand years of stagnation in life expectancy, such changes cannot be called anything other than revolutionary. After this dramatic surge in life expectancy, the more modest gains in life expectancy made in those same countries over the next half century (between 1960 and 2010) do not look particularly large: during this "second epidemiological revolution" life expectancy rose 10-12 years at most. But even if we use the word "revolution" only as a metaphor, and keep in mind that this trend is a continuation of the trends that began earlier, the achievements of the past 50 years look quite significant. They are all the more significant given that in the 1950s-1960s gains in life expectancy in many developed countries had slowed down, if not stopped altogether, leading many observers at the time to speculate that the options for further reducing mortality had been exhausted. These fears were not confirmed. While not of the same magnitude as the first, the second epidemiological revolution led to marked improvements in life expectancy in most industrialised, urbanised countries.
Russia, unfortunately, is watching this revolution from the outside, without taking any part in it. The question of why similar gains have not been realised in Russia is beyond the scope of this article. Our objective was to show which causes of death contribute the most to the gap in life expectancy between Russia and other developed countries. This knowledge is important, because otherwise it is impossible to identify the main weak points and to prioritise strategies for reducing mortality.
Our analysis shows that Russia still has roughly the same structure of causes of death as it did on the eve of the second epidemiological revolution. While the details of this structure-which we could not delve into given the scope of a single article-are not identical, the main features remain. It would not be an exaggeration to say that the gap between life expectancy in Russia and in other countries that are confidently following the path of the second epidemiological revolution is primarily attributable to our inability to solve two key challenges: to significantly shift mortality from cardiovascular diseases to later ages and to drastically reduce the numbers of deaths from external causes.
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